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Abstract 
Prior resistance training (RT) recommendations and position stands have discussed variables 
that can be manipulated when producing RT interventions. However, one variable that has 
received little discussion is set end points (i.e. the end point of a set of repetitions). Set end 
points in RT are often considered to be proximity to momentary failure and are thought to be 
a primary variable determining effort in RT. Further, there has been ambiguity in use and 
definition of terminology that has created issues in interpretation of research findings. The 
purpose of this paper is to: 1) provide an overview of the ambiguity in historical terminology 
around set end points; 2) propose a clearer set of definitions related to set end points; and 3) 
highlight the issues created by poor terminology and definitions. It is hoped this might permit 
greater clarity in reporting, interpretation, and application of RT interventions for researchers 
and practitioners.  
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Introduction 
The American Colleague of Sports Medicine (ACSM) has published numerous position 
stands regarding recommendations for application of resistance training (RT) [1,2]. These 
highlight a number of variables that can be manipulated when producing RT interventions. 
However, a variable that has received little discussion in these position stands was that of set 
end points (i.e. the end point of a set of repetitions). Repetition ranges were offered (i.e. 
performance of 8-12 repetitions), indicating voluntary set end points might include the 
performance of a predetermined number of repetitions. However, the discussion of whether 
or not any other particular criteria should be met in addition to achieving a set repetition 
number was absent. Others have considered set end points further with reference to proximity 
to momentary failure (MF), defined most recently as “the inability to perform anymore 
concentric contractions without significant change to posture or repetitions duration” [3]. 
This definition suggests alteration to repetition duration is a factor to consider in determining 
whether MF has occurred. It should be noted that when repetitions are performed with 
maximal intended velocity, repetition duration can increase prior to, and leading to, MF being 
achieved [4,5]. Thus the definitions we offer later have removed this consideration. In 
essence, the most appropriate conceptualization of MF is that it occurs at the point where, 
despite the greatest effort, a person is unable to meet and overcome the demands of the 
exercise causing an involuntary set end point.  
 
Most research considers people training ‘to MF’ or ‘not to MF’ or in some cases what has 
been referred to as “past MF” (the use of advanced RT techniques such as drop sets, rest-
pause, forced reps to enable a trainee to continue repetitions after achieving MF). Recent 
reviews which have considered this variable have in fact employed the distinction of “to MF” 
or “not to MF” in reviewing the literature regarding the impact of training to MF [3,6-8]. 
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Following this, proximity to MF has been considered an indicator of the effort employed 
during RT. In fact the suggestion has being made that, due to inter- and intra-individual 
variations in number of repetitions possible prior to MF at the same relative loadings, if the 
intention is to match inter- and intra-individual effort, the only way to objectively do so is to 
have people train to MF (i.e. maximal effort [3,10]). Further, some propose that effort could 
also relate to intended velocity during RT, with maximal intended velocity related to maximal 
effort [9]. However, it would appear that velocity produced when it is intended to be maximal 
may in fact better serve as a an indicator of the degree of fatigue prior to reaching MF. It has 
been shown that velocity correlates well with other physiological markers of fatigue in a 
dose-response fashion to the number of repetitions performed relative to the number possible 
(i.e. number prior to reaching MF [4,5]).  
 
More recently, it has been argued that MF should be used as the means to standardize the RT 
stimulus [11]. We do not wish to suggest that persons should always train to MF, however if 
in a research or practical setting it is desirable to control effort objectively, it might be 
applied. For example, when comparing another independent RT variable between 
intervention arms in research, effort should be matched. Also it may be desirable to ensure 
that an athlete is working to the same relative effort (i.e. maximal by training to MF or if 
submaximal by first determining their repetitions to MF to then determine number of 
repetitions required to approximate the relative effort desired) as another, or on each exercise 
used in a training program.  
 
A number of recent reviews have offered the conclusion that training to MF may confer 
greater adaptations in strength [3], hypertrophy [8], and possibly cardiorespiratory fitness [7]. 
Conversely, other recent studies have reported contrasting results regarding the efficacy of 
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training to MF [12-15]. Considering the contrasting findings in the literature, it is important 
to investigate the role of effort further, as determined by set end point criteria in determining 
adaptations from RT. However, consideration of a trichotomous nature to set end points (to 
MF, not to MF, or continuation of repetitions after MF through use of advanced techniques) 
limits the degree to which it is possible to fully understand the relationship of intensity of 
effort to RT adaptations. For example the dose-response nature of differing intensities of 
effort is unknown in addition to whether a threshold of relative effort exists to optimize 
adaptations. Investigation of this is further confounded by issues in interpreting previous 
research due to vague definitions and practical application of terms such as ‘repetition 
maximum’ (RM [16-17]). As detailed below, RM is often used synonymously with MF, or a 
definition is not provided by authors reporting it. Examination of this ambiguity supports the 
need for greater clarity in terminology and definition in future RT research, both for 
examining the role of intensity of effort and in choosing appropriate control of this variable 
when other independent variables are being examined.  
 
Thus the purpose of this paper is as follows: 1) provide an overview of the ambiguity in 
historical definitions of terms related to set end points including RM and ‘momentary 
muscular failure’; 2) propose a set of definitions that permit researchers and practitioners 
greater clarity in reporting, interpreting, and applying RT interventions; and 3) highlight the 
issues created by the application of the contrasting prior historical definitions with respect to 
interpreting what has actually occurred in an RT intervention.  
 
Historical Definitions 
Classic papers in addition to current textbooks in RT and exercise physiology provide a range 
of terms and definitions of RM and MF. In many cases, there are discrepancies in the exact 
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definitions for the same term. In particular there are instances where it is difficult to 
distinguish between definitions of RM and MF. Table 1 provides examples where the term 
RM has been defined. Table 2 provides examples where the term MF has been defined. 
Though this is not an exhaustive list, perusal of the definitions in the 2 tables should make it 
clear that in some cases it is difficult to distinguish between RM and MF. There is no clear 
delineation between the 2 terms which could be easily achieved by considering the success 
(RM) or failure (MF) to complete the final repetition on which set ends. Readers will note 
that 2 terms appear to be used interchangeably in the literature. Indeed in at least some cases 
the 2 terms have been used seemingly interchangeably by the same authors at different points 
in their texts [18-19]. It should also be noted that the ascription of intensity of effort to each 
of these definitions also differs among authors, as some have stated that maximal effort is 
required and others have not. There is also considerable ambiguity in the use of the terms 
fatigue and failure in defining the terms. 
 
Further, it is not uncommon for many authors to use an array of similar terminology 
including muscular failure, muscular fatigue, or volitional exhaustion without offering any 
definition of these terms [26]. This seems to imply that these terms and their definitions are 
commonly accepted in the RT literature. Indeed many of the definitions in the above tables 
have been termed similarly in their original sources. However, as can be seen from tables 1 
and 2, the assumption that these terms and their definitions are commonly accepted would 
appear to be false.  
 
Definitions of Set End Points 
In an attempt to rectify this ambiguity and to provide wider consideration of the role of 
intensity of effort in RT, Giessing et al. [16] have proposed 4 definitions of set end points, 
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providing a gradient of intensity of effort during RT; non-repetition maximum, repetition 
maximum, point of momentary failure, point of momentary failure plus advanced techniques 
(e.g. drop sets, rest pause, forced repetitions). We have expanded and added to these 
definitions for the purpose of this article to also include self-determined repetition maximum 
(Table 3). Further, though the term ‘repetition failure’ has been used recently [14] we have 
opted to use the term ‘momentary failure’, as ‘repetition failure’ might be thought to apply 
predominantly to dynamic training modalities involving concentric and eccentric 
contractions. However, the definition of MF offered here, if it were considered that MF was 
failure to meet the demands of the exercise, could be expanded to also include predominantly 
isometric and eccentric RT. For example, if holding an isometric contraction the point where, 
despite attempting to maintain the current position, the subject cannot prevent an eccentric 
contraction from occurring. Or if performing eccentric-only repetitions with a prescribed 
repetition duration the point where, despite attempting to maintain the prescribed repetition 
duration, the subject cannot prevent the eccentric contraction from occurring at a shorter 
repetition duration than prescribed. 
 
Historically the primary ambiguity in the RT literature regarding definition of set end points 
has been that of RM and its relation to MF. Giessing et al. [16] differentiated between the 2 
as follows: 
 
"The difference between the RM and the point of MF is that the RM means that the set 
is terminated after the final repetition has been completed [authors’ emphasis] in 
good form… whereas the point of MF means that once the RM has been reached 
another repetition is attempted [authors’ emphasis] but not completed. Therefore the 
last repetition is the failed repetition."  
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Considering the definitions in table 3 it is clear to see that determination of a true RM 
requires prior load determination and knowledge of the possible number of repetitions that a 
trainee can perform to MF at that load in order to determine the number of repetitions for an 
RM. RM is thus best described as the number of complete repetitions prior to MF. Should the 
exercise be ended once trainees determine they could not complete further repetitions if 
attempted (i.e. they predict MF on the next repetition), this might be considered volitional or 
self-determined RM (sdRM), not a true RM, and thus it is a practical yet somewhat 
ambiguous set end point definition. Considering this, RM is only included here for 
comparative purposes, as from an applied standpoint the use of true RM as a set end point 
criterion seems impractical. A key feature here of the definition of MF is that, when trainees 
attempt to reach MF they should, subsequent to completing a repetition, attempt the 
following repetition until they actually fail to complete one. Without actually attempting a 
subsequent repetition upon completion of each prior repetition, it is impossible to be certain 
that a person has in fact reached MF or indeed will do so on the subsequent repetition. This 
distinction is particularly important, as numerous studies report having had participants train 
to an RM which is often interpreted as synonymous with MF [6,7]. Indeed, if we consider 
prior historical definitions of the 2, it would appear that such an interpretation may not be 
accurate. Thus it is often unclear whether people have trained to an RM, or if they have in 
fact trained to MF, as we have defined here (Table 3). Some of the historical ambiguity may 
arise from conflation of interpretation and application of the term RM for testing purposes 
and for training loads. The load obtained in an RM test (or MF) may differ from day to day 
and depend upon a number of inter- and intra-individual variables (28). Thus the application 
to training of an absolute ‘RM’ load obtained from testing may or may not be appropriate to 
meet recommendations from session to session.  
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It is important also to note here the differentiation between failure and fatigue. We have 
included the definition of MF+ being that failure occurs at a point where trainees, despite 
giving a maximal effort, can no longer meet the demands of the task. Yet, if the demands 
were reduced they could continue. Fatigue, conversely is best defined as “a transient 
decrease in the capacity to perform physical actions” [29, pp 11]. Thus it is an ongoing 
process during RT which may or may not result in failure. For example, during a set of 
repetitions performed to MF as consequent repetitions are performed, trainees fatigue and 
require greater degrees of effort until they either stop at a predetermined repetition number or 
finally reach MF and are putting forth a maximal effort. Indeed from repetition to repetition it 
has been shown that power output decreases during a set to MF [30]. In the case of MF+ (i.e. 
use of advanced techniques to continue repetitions after MF) the load could further be 
reduced at this point (drop set), assistance provided (forced repetitions), or a brief pause 
permitted (rest-pause), and trainees continue perform repetitions due to the decreased 
demands and are not maximally fatigued. However, effort initially is not maximal but reaches 
max should trainees subsequently reach MF again. Thus it is apparent that it is not necessarily 
accurate to say that maximal fatigue or exhaustion has occurred upon reaching failure [6,31], 
though at least some degree of fatigue will have inevitably occurred.  
 
In our definitions we have anchored intensity of effort as being maximal at the point of MF. 
This is partly due to the reasoning given above regarding differentiation of fatigue and 
failure. However, we believe this is also necessary due to the apparent difficulty people 
experience in differentiating between perceptions of effort and discomfort. A recent review 
[32] has discussed the differentiation between what is termed effort, defined as “the amount 
of mental or physical energy being given to a task”, and exertion defined as “the amount of 
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heaviness and strain experienced in physical work”. The authors of this review noted that 
both terms are often used interchangeably and in certain languages can translate as synonyms. 
Further, discomfort has also been used previously to describe the physiological and 
unpleasant sensations associated with exercise [33]. Thus, for this reason here we have opted 
to use the term discomfort as opposed to exertion. Differentiation between perceptions of 
effort and discomfort have been highlighted recently as important [32,33], particularly in RT 
[10] for good reason. A number of studies [34-38] measuring rating of perceived exertion 
(RPE) using a Borg CR10 scale [39] (where a value of 10 indicates maximal effort) have 
reported that participants exercised to MF and received verbal encouragement to ensure 
adequate motivation and effort. In this case, each trial, irrespective of exercise, load, or 
training status should have resulted in a maximal value for effort, since people were 
exercising to MF. Though those studies which have compared training to MF with training 
not to MF show that RPE for the active muscle is indeed higher when training to MF [37,38], 
maximal values (e.g. a score of 10) were not reported in any of the studies cited. Thus we can 
only assume that the participants were unclear as to how to report their perception of effort. 
Increasing ratings of effort were, however given with conditions known anecdotally to 
produce greater acute discomfort such as lower load lower body exercise [34], as set volumes 
increased [36], with increased work volume [35], and with increased work rate [37,38]. This 
suggests participants more likely expressed their feelings of increasing discomfort [10,40]. If 
persons are inappropriately anchoring their perceptions of effort upon feelings of discomfort, 
they may be likely to end their sets further from the point of MF than expected if they were 
using RM or self-determined RM as a set end point. Perceived effort is likely centrally 
mediated, whereas perceptions of discomfort may be more closely associated with afferent 
feedback [33]. This is particularly important to consider when using different loading 
schemes due to the different fatigue processes involved at different loads (i.e. during high 
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load failure occurs due to central fatigue compared with peripheral neuromuscular fatigue 
during lower loads [41]). During low loads, peripheral fatigue processes produce greater 
increases in inorganic phosphate (Pi) along with increases in H+, to decrease intramuscular 
pH and potentially affect afferent feedback and perceived discomfort [42-44]. Thus the 
differentiation of effort from discomfort, and the anchoring of maximal effort as being 
synonymous with MF, provides a point from which to examine the role of differing 
intensities of perceived effort during submaximal efforts. This might permit further 
understanding of the dose-response role of perceived effort during RT. 
 
The need for clear terminology and definitions is also evident when attempting to understand 
the interaction that variables such as set end point, and thus effort, have with other RT 
variables. For example, broad recommendations for specific repetition ranges using specific 
relative loadings may be inherently flawed. The number of possible repetitions varies 
between individuals based on training status and even within individuals for different 
exercises [34,45]; for example using a load of 80%1RM, an individual may fail during the 
nineteenth repetition attempted using a leg press, yet during the seventh repetition attempted 
for knee flexion. In this example a recommendation to perform 8-12 repetitions using that 
relative load would result in 1 exercise requiring relatively low effort, while the other would 
result in maximal effort yet be impossible to accomplish (i.e. result in MF). A further issue is 
the interpretation of the application of training to MF when studies have utilized multiple set 
RT protocols [46]. It may have been reported that participants trained to MF in all sets. Yet, 
when combined with specific repetition range recommendations, it has been shown that 
loading and/or rest intervals require manipulation from set to set in order to maintain 
individual ability to achieve the specified repetition range due to fatigue from earlier sets [47-
51]. Unless described carefully it is often difficult to interpret whether participants trained to 
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MF or not, and if not, the proximity to MF they achieved (46). This point bears important 
implications regarding both control of effort in addition to the relative loadings being used, 
which researchers and practitioners should consider. Ultimately it is important that clear 
terms and careful definitions are used when reporting on RT interventions if we are to gain 
the greatest understanding of the application of differing manipulations of RT variables 
[52,53]. 
 
Conclusions and Directions for Future Research 
In combination with the definitions outlined here, researchers and practitioners might 
consider using tools that allow participants to differentiate between, and report individually, 
perceived effort and discomfort. This might allow researchers to examine the relationship 
between perceptions of effort during submaximal RT and subsequent adaptation. A recent 
study has already employed 2 of the definitions offered here in order to differentiate between 
and compare practical applications of set end points, in this case self-determined RM 
compared to MF under load volume matched conditions [12]. This study offered insight into 
the role of effort in determining adaptations in trained people. We believe that application 
and reporting of these definitions will assist in future research designs to fully elucidate the 
role of intensity of effort in RT. By using the point of MF as an anchor for maximal effort, 
future research designs might better determine the role that different intensities of effort 
along a gradient play in determining adaptations. Indeed, research designs might utilize sub-
maximal effort repetition cessation criteria (nRM or sdRM) which, although representing 
practically applicable definitions, represent situations whereby the degree of perceived effort 
may differ between people due to the differing proximities to MF that participants reach. 
Future research using tools to differentiate effort and discomfort in combination with these 
definitions might also permit better examination of the validity and efficacy of using 
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subjective perceptions of effort to direct RT using practically applicable set end point criteria 
in different populations. We have begun to examine these areas in our lab [54,55]. Of course, 
we should note that even training to MF could be considered in some way subjective and as 
such we have clarified in our definition that trainees should consider this as a set end point 
only when they cannot complete the repetition despite attempting to do so.  
 
To conclude, we hope that we have highlighted the issue associated with ambiguous 
historical terminology and definitions of set end points. Further, we believe the terminology 
and definitions presented here offer practically applicable set end point criteria that would 
allow researchers and practitioners to report, interpret, and apply RT interventions with 
greater clarity. It is recommended that future RT literature utilize this terminology, or at the 
least offer an accurate definition of what repetition cessation criteria are being used. This will 
ensure a better understanding of exactly what was done or is being proposed.  
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List of Abbreviations 
Resistance training = RT 
Momentary failure = MF 
Repetition maximum = RM 
Self-determined repetition maximum = sdRM 
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TABLES 
Table 1. Examples of previous definitions of ‘Repetition Maximum’ 
Reference Definition 
DeLorme, 1945, pp 648 (20) In reference to the ten-repetition maximum - 
“That weight which requires maximum 
exertion to perform ten repetitions”  
 
DeLorme & Watkins, 1948, pp 264 (21) “The 10 repetition maximum is the most 
weight that can be lifted correctly through a 
full arc of motion for 10 repetitions.”   
 
Astrand et al., 2003, pp 320 (22) 
 
“When training with weights in dynamic 
contractions, one talks about nRM load. 
Which is the number of repetitions 
maximum. The weight is so chosen that it 
can be lifted n times in good style, but is too 
heavy to lift n + 1 times.” 
 
Wilmore & Costill, 2004, pp 87 (23) 
 
“1-repetition maximum, or 1RM. To 
determine your 1RM select a weight you 
know you can lift just once. After a proper 
warm-up, try to execute several repetitions. 
If you can perform more than one repetition, 
add weight and try again to execute several 
repetitions. Continue doing this until you are 
unable to lift the weight more than a single 
repetition.” 
 
ibid, pp 107 (23) 
 
“In contrast a 25RM load (i.e. the peak 
resistance that can be lifted only 25 times 
before reaching fatigue)” 
 
Fleck & Kraemer, 2004, pp 5 (18) 
 
“A repetition maximum or RM is the 
maximal number of repetitions per set that 
can be performed with proper lifting 
technique using a given resistance. Thus, a 
set at a certain RM implies that the set is 
performed to momentary voluntary fatigue. 
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The heaviest resistance that can be used 
for 1 complete repetition of an exercise is 
1RM. A lighter resistance that allows 
completion of 10, but not 11, repetitions 
with proper technique is 10RM.” 
 
Zatsiorsky & Kraemer, 2006, pp 71 (19) 
 
“The magnitude of resistance (weight, load) 
can be characterised by the ultimate 
number of repetitions possible in one set (to 
failure). The maximal load that can be lifted 
a given number of repetitions before fatigue 
is called repetition maximum 
(RM)determining RM entails the use of 
trial and error to find the greatest amount of 
weight a trainee can lift a designated 
number of times.” 
 
Baechle et al., 2008, pp 394 (24) 
 
“Load is commonly described as either a 
certain percentage of a 1-repetition 
maximum (1RM) – the greatest amount of 
weight that can be lifted with proper 
technique for only one repetition – or the 
most weight lifted for a specified number of 
repetitions, a repetition maximum (RM). For 
instance, if an athlete can perform 10 
repetitions with 60kg in the back squat 
exercise, her 10RM is 60kg. It is assumed 
that the athlete provided a maximal effort; if 
she has stopped at nine repetitions but 
could have performed one more, she would 
not have achieved a 10RM. Likewise, if she 
lifted 55kg for 10 repetitions (but could have 
performed more), her true 10RM was not 
accurately assessed because she possibly 
could have lifted 60kg for 10 repetitions.”   
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Table 2. Examples of previous definitions of ‘Momentary Failure’  
Reference Definition 
Bompa et al. 2013, pp 234 (25) 
 
“The training objective with submaximal 
loads is to contract muscles to exhaustion 
in an effort to recruit all the muscle fibres. 
As you ‘rep-out’ to exhaustion, muscle fibre 
recruitment increasesTo achieve optimal 
training benefits, an athlete must perform 
the greatest number of repetitions possible 
during each set. Bodybuilders should 
always reach the state of local muscular 
exhaustion that prevents them from 
performing one more repetition, even when 
applying maximal force.” 
 
Fleck & Kraemer, 2004, pp 196 (18) 
 
“An exhaustion set is a set performed until 
no further complete repetitions with good 
exercise technique can be completed. 
Synonymous with exhaustion sets are the 
terms carrying sets to volitional fatigue, sets 
to failure, and sets to concentric 
failureThe use of a repetition maximum 
(RM) or an RM training zone (i.e 4-6RM) in 
a training program indicates that sets were 
carried to exhaustion.” 
 
Zatsiorksy & Kraemer, 2006, pp 82 (19) 
 
Describing ‘submaximal effort’ and 
‘repeated effort’ training using the example 
of a person with a 100kg 1RM – “Lift a load 
smaller than 100kg, perhaps 75kg, either a 
submaximal number of times (submaximal 
effort method) or to failure (repeated effort 
method).” 
 
ibid, pp 82 (19) 
 
“Methods using submaximal versus 
repeated efforts differ only in the number of 
repetitions per set – intermediate in the first 
case and maximal (to failure) in the 
second.” 
 
  
  
  
  
Willardson, 2007, pp 628 (6) 
 
“Muscular failure can be defined as the 
point during a resistance exercise set when 
the muscles can no longer produce 
sufficient force to control a given 
loadMuscular failure usually occurs 
during the concentric phase of a 
repetitionTherefore, to describe a muscle 
as being maximally fatigued at the point of 
concentric failure is inaccurate because the 
muscle is not entirely fatigued.”  
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Table 3. Terminology and definitions for set end points. 
Repetition Cessation Terminology Definition 
Non-Repetition Maximum (nRM) Set end point when trainees complete a 
pre-determined number of repetitions 
despite the fact that further repetitions could 
be completed. 
 
Self-determined Repetition Maximum 
(sdRM) 
Set end point when trainee determines they 
could not complete the next repetition if it 
were attempted (i.e. they predict MF on the 
following repetition). 
 
Repetition Maximum (RM)* Set end point when trainees complete the 
final repetition possible whereby if the next 
repetition was attempted they would 
definitely achieve MF. 
 
Momentary Failure (MF) Set end point when trainees reach the point 
where despite attempting to do so they 
cannot complete the concentric portion of 
their current repetition without deviation 
from the prescribed form of the exercise. 
 
Momentary Failure Plus Advanced 
Techniques [MF+(insert technique)] 
Set end point when trainees have 
completed a pre-determined advanced 
technique after already achieving MF (i.e. 
completion of forced/assisted repetitions, 
rest pause, drop sets)  
* RM is only included here for comparative purposes – see text for explanation. 
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